As a result of overlapping morphologic and immunohistochemical features, it can be difficult to distinguish synovial sarcoma, malignant peripheral nerve sheath tumor, and Ewing sarcoma/primitive neuroectodermal tumor in core biopsies. To analyze and compare immunohistochemical profiles, we stained tissue microarrays of 23 synovial sarcomas, 23 malignant peripheral nerve sheath tumors, and 27 Ewing sarcomas with 22 antibodies potentially useful in the differential diagnosis, and analyzed the data with cluster analysis. Stain intensity was scored as none, weak, or strong. For CD99, tumors with membranous accentuation were independently categorized. Cluster analysis sorted five groups, with like tumors clustering together. Synovial sarcoma clustered into two groups: one cytokeratin and EMA positive (n ¼ 11), the other mostly cytokeratin negative, EMA positive, bcl-2 positive and mostly CD56 positive (n ¼ 9). Malignant peripheral nerve sheath tumor clustered into two groups: one S100 positive, with nestin and NGFR positivity in most (n ¼ 10), the other mostly S100 negative, and variably but mostly weakly positive for nestin and NGFR (n ¼ 11). Ewing sarcomas clustered into a single group driven by membranous CD99 staining. Thirteen cases failed to cluster (outliers), while three Ewing sarcomas clustered into groups of other tumor types. Paired antibodies for each tumor type determined by visual assessment of cluster analysis data and statistical calculations of specificity, sensitivity, and predictive values showed that EMA/CK7 for synovial sarcoma, nestin/S100 for malignant peripheral nerve sheath tumor, and membranous CD99/Fli-1 for Ewing sarcoma yielded high specificity and positive predictive values. Cluster analysis also highlighted aberrant staining reactions and diagnostic pitfalls in these tumors. Hierarchical cluster analysis is an effective method for analyzing high-volume immunohistochemical data.
Advancements in image-guided needle core biopsy technique have resulted in less invasive procedures compared to traditional open biopsy. CT or ultrasound-guided core biopsy is now the standard diagnostic test for soft tissue tumors in many cancer centers, including the University of Michigan. Although core biopsy is associated with reduced morbidity and greater convenience, the small sample size has made histological diagnosis more challenging. This is especially true for tumors with overlapping morphologic features, such as synovial sarcoma, malignant peripheral nerve sheath tumor, and Ewing sarcoma/primitive neuroectodermal tumor; specifically, closely spaced, hyperchromatic cells with frequent ovoid to round nuclear contours. Advancements in immunohistochemistry in soft tissue sarcomas have ameliorated this problem to some extent. However, limitations in sensitivity and specificity for many of the common markers continue to be problematic.
Cytokeratin, S100, and CD99 are typically regarded as the most useful single markers for synovial sarcoma, malignant peripheral nerve sheath tumor, and Ewing sarcoma, respectively. However, they are not always reliable. For example, cytokeratin, although positive in most biphasic synovial sarcomas, is less likely to stain monophasic and poorly differentiated synovial sarcomas in small samples. [1] [2] [3] In addition, cytokeratin can be found in a minority of malignant peripheral nerve sheath tumors 4 and Ewing sarcomas. 5, 6 S100 protein is positive in only around half of malignant peripheral nerve sheath tumors, 7 however, can also stain synovial sarcoma 4, 8 and Ewing sarcoma, 9 and thus lacks sufficient sensitivity and specificity to be a very reliable marker. Finally, CD99, although positive in 490% [10] [11] [12] of Ewing sarcomas, lacks specificity since it stains other mesenchymal 13 and lymphoid neoplasms, 11 including frequent expression in synovial sarcoma. 1, 9 As a result of the broad spectrum of CD99-positive tumors, it has been proposed that membranous accentuation be regarded a more specific staining reaction for Ewing sarcoma. 10 A number of other antibodies have been touted as useful for these tumor types. For example, cytokeratin subsets, especially CK7 and 19, 3,9,14 bcl-2, 15 CD56, 9 calponin, 16 beta-catenin, 17 and matrix metalloproteinase-2 (MMP-2) 18 have been reported as potentially useful in synovial sarcoma; p75 nerve growth factor receptor (NGFR), 19 nestin, 20 CD57, 7, 21, 22 CD34, 22 PGP9.5, 23 and GFAP 21 in malignant peripheral nerve sheath tumor; Fli-1 in Ewing sarcoma; 6 and neuroectodermal markers such as chromoganin, synaptophysin, and PGP9.5 in primitive neuroectodermal tumor. [24] [25] [26] [27] In order to further characterize the immunohistochemical profiles of synovial sarcoma, malignant peripheral nerve sheath tumor, and Ewing sarcoma in a model that mimics small biopsy sampling, we evaluated a series of 73 tumors in tissue microarrays with a panel of 22 antibodies potentially useful in the differential diagnosis. We then analyzed the data with hierarchical cluster analysis, a mathematical technique employed for analyzing large data sets, most often used for gene arrays.
Materials and methods
Tumors were identified via SNOMED search of the pathology database, and 23 synovial sarcomas, 23 malignant peripheral nerve sheath tumors, and 27 Ewing sarcomas were selected, otherwise randomly, based on available tumor volume. All tumors were diagnosed by conventional methodology. Synovial sarcoma diagnoses were confirmed by RT-PCR for SYT/SSX in every case, 28 and the tumors were subcategorized as biphasic or monophasic based upon review of the original sections. Malignant peripheral nerve sheath tumors were subclassified as spindle cell, epithelioid, pleomorphic or small cell types based upon predominant histologic element. From the clinical record, each malignant peripheral nerve sheath tumor was categorized as either sporadic or neurofibromatosis associated. Tissue microarray slides from the Ewing sarcoma cases were analyzed by fluorescence in-situ hybridization (FISH) using a dual-color break-apart probe cocktail flanking the EWS-R1 breakpoint region (22q12) (Vysis, Downers Grove, IL, USA). 29 Tissue microarray blocks were constructed from 1 mm cores of formalin-fixed, paraffin-embedded tissue in triplicate. One tissue microarray block was produced for each tumor type, with each block containing a variety of normal and neoplastic tissue samples as internal controls.
The slides were stained with a panel of 22 antibodies by standard immunohistochemical techniques. Antibody information with pretreatments and incubation times are listed in Table 1 . Intensity of staining was scored as negative, weak, or strong with attention to distribution and cellular localization of staining. For CD99, the staining reaction was categorized as generalized for any cytosolic or Staining patterns were tabulated, and percentages of positive tumors were calculated. Sensitivity, specificity, and positive and negative predictive values were calculated based on any degree of positive staining (weak or strong) in the tumor populations of interest in relation to the study set as a whole. Euclidian (unsupervised) hierarchical cluster analysis of intensity scores was performed using GoldLinker Gold v4.6.1 (Improved Outcome Software, Inveray, ON, Canada) software. Major division points of the data set were placed at the third generation from the most (all) inclusive cluster. Based upon visual assessment of the cluster analysis data and calculated specificity, sensitivity, positive, and negative predictive values, combinations of antibodies deemed most useful in the differential diagnosis for each tumor type were identified.
Results

Staining Patterns
Percentages of tumors showing weak or strong staining intensity are presented in Table 2 .
Synovial sarcoma EMA was the most sensitive marker for synovial sarcoma (91%), with 74% of tumors displaying strong staining. It was also quite specific (82%). The cytokeratins as a combined group were 70% sensitive and 68% specific. AE1/AE3 was the most sensitive cytokeratin (70%), however, displayed staining overlap with the other tumor types, with strong focal staining in 22% of Ewing sarcomas and 9% of malignant peripheral nerve sheath tumors. Cytokeratins 7 and 19, although not as sensitive as AE1/AE3, were more specific (100 and 96%, respectively). Positive staining for both CK7 and EMA in a given tumor was 100% specific (52% sensitive) for synovial sarcoma. Strong staining for bcl-2 or CD56 was present in 48 and 26% of synovial sarcomas, respectively. Sensitivity/specificity values were 87/70% for bcl-2 and 70/88% for CD56. Based on the cluster map (Figure 1 ), positivity for these markers tended to be more prevalent in cytokeratin-negative synovial sarcomas. Strong CD99 staining was present in 70% of synovial sarcomas, including 26% with strong membranous staining ( Figures 2-4 ).
Malignant peripheral nerve sheath tumor S100 had low specificity (54%) and only moderate sensitivity (57%) for malignant peripheral nerve sheath tumor. For example, although strong S100 staining was present in 48% of malignant peripheral nerve sheath tumors, it was also common, although usually focal, in synovial sarcoma (35%), and Ewing sarcoma (44%). NGFR stained more malignant peripheral nerve sheath tumors than did S100, but lacked sufficient sensitivity and specificity to distinguish it from the other tumors. Furthermore, NGFR was often weakly positive, with only 26% of malignant peripheral nerve sheath tumors showing strong staining. Nestin was the most sensitive (78%) Figure 2 Cytokeratin 7 staining in a biphasic synovial sarcoma. Cytokeratin 7 was highly specific for synovial sarcoma, not present in the other tumors types. The combination of CK7 and EMA had a high degree of specificity and sensitivity for synovial sarcoma, 100 and 52%, respectively.
Figure 3
Nestin was the most specific and sensitive marker for malignant peripheral nerve sheath tumor, rarely staining the other tumor types. Combined with S100 the specificity and sensitivity values were 100 and 48%, respectively. and specific (96%) stain for malignant peripheral nerve sheath tumor. In addition, its staining intensity tended to be strong, present in 48% of the tumors. Positivity for both nestin and S100 in a given tumor was highly specific (100% specific, 48% sensitive) for malignant peripheral nerve sheath tumor.
Ewing sarcoma/primitive neuroectodermal tumor General (cytosolic or membranous) CD99 staining lacked specificity, and was common in all three tumors. For example, strong staining was present in 93% of Ewing sarcomas, 70% of synovial sarcomas, and 43% of malignant peripheral nerve sheath tumors. Membrane staining was more specific (85% specificity, 78% sensitivity) for Ewing sarcoma. However, 26% of synovial sarcomas also had strong membranous staining, yet all malignant peripheral nerve sheath tumors were negative. Fli-1 stained a majority of Ewing sarcomas (63% sensitivity, including 48% with strong nuclear staining). However, it had more limited specificity (65%), such that 22% each of synovial sarcomas and malignant peripheral nerve sheath tumors were strongly positive. Positivity for both membranous CD99 and Fli-1 in a given tumor increased the specificity to 96%, with 56% sensitivity.
Nonspecific and nonsensitive antibodies Vimentin and PGP9.5 showed low specificities, each staining many tumors of each type. Similarly, MMP-2 and beta-catenin stained various tumors, but did not display distinct patterns. Strong nuclear staining for beta-catenin was present in 13% of synovial sarcomas, 4% of malignant peripheral nerve sheath tumors, and 0% of Ewing sarcomas. Chromogranin, CD57, ALK-1, GFAP, CD34, and calponin displayed no staining in any tumor, while synaptophysin was positive in only one Ewing sarcoma in this study.
Cluster Analysis
Cluster analysis highlighted five main groups ( Figure 1 ) of related staining patterns, and in general, like tumor types clustered together. However, overlap of staining patterns caused three Ewing sarcomas to be included within synovial sarcoma and malignant peripheral nerve sheath tumor groups, and 13 other tumors of various types to be outliers, not falling into any defined group.
Synovial sarcoma
Synovial sarcomas generally fell into two groups, A and B. Group A (n ¼ 11) was based on uniform positivity for EMA and one or more of the cytokeratin subtypes, and consisted entirely of synovial sarcomas. Eight (72%) were biphasic and three (27%) were monophasic. Ten (91%) group A tumors had an SSX1 translocation, while only one (9%) had SSX2. Five (45%) of these group A tumors demonstrated strong membranous CD99 staining. Strong bcl-2 staining was present in three (27%) tumors, while strong CD56 staining was seen in only one. Group B synovial sarcomas (n ¼ 9) were also uniformly positive for EMA, but rarely positive for cytokeratin, with only two cases (22%) showing strong staining for AE1/AE3. Among the nine tumors in this group, two (22%) were biphasic and seven (78%) were monophasic. Six (67%) were SSX1 and three (33%) were SSX2. Compared to Group A, the tumors in group B demonstrated higher rates of strong staining for bcl-2 (78%) and CD56 (44%). Although all of these tumors were CD99 positive, none had membranous accentuation. Group B also included a CD99-positive Ewing sarcoma that lacked membranous accentuation (ES 13 in Figure 1 ). This tumor, confirmed by FISH, was strongly positive for bcl-2, but lacked any EMA or CK staining. Three synovial sarcomas were outliers that failed to cluster with any group, two of which (SnSrc 25 and 28 in Figure 1 ) were fairly closely related to groups A and B. Both were monophasic, SSX2 synovial sarcomas that were positive for cytokeratin and CD99, but negative for membranous CD99; one was negative for EMA. The third synovial sarcoma outlier (SnSrc 16) was more distant in the cluster histogram and actually was more closely related to Ewing sarcoma (group E). This monophasic, SSX1 tumor was strongly positive for membranous CD99, negative for EMA and cytokeratin, and showed only weak staining for bcl-2 and CD56.
Malignant peripheral nerve sheath tumor
Most of the malignant peripheral nerve sheath tumors similarly fell into two groups, C and D. Group C (n ¼ 13) contained tumors that were predominantly negative for S100 with inconsistent and mostly weak staining for nestin and NGFR. This group included two Ewing sarcomas (ES 32 and 33 in Figure 1 ), both with cytosolic, but not membranous, CD99 staining; one confirmed by FISH, the other non-informative. Group D (n ¼ 10) consisted entirely of malignant peripheral nerve sheath tumors that were uniformly S100 positive. Strong staining for nestin and NGFR were present in eight (80%) and five (50%) tumors, respectively. As the majority (96%) of malignant peripheral nerve sheath tumors in our study set were spindle cell type (with only one epithelioid malignant peripheral nerve sheath tumor), no correlation could be made between histology and immunohistochemical profile. Two malignant peripheral nerve sheath tumor outliers failed to cluster into a defined group. One of these (MPNST 16) was close in relation to group C and was similarly S100 negative, only weakly positive for nestin, and negative for NGFR. The second tumor (MPNST 15) was S100 positive, but negative for both nestin and NGFR. Seven (64%) group C tumors, three (30%) group D tumors, and one outlier occurred in neurofibromatosis patients.
Ewing sarcoma/primitive neuroectodermal tumor Most Ewing sarcomas fell into a single cluster, group E (n ¼ 17) based upon strong membranous CD99 staining in all the tumors (100%) and strong staining for Fli-1 in 11 (65%). This group consisted entirely of Ewing sarcomas. Thirteen of these tumors were confirmed by FISH, one was negative, and three were considered noninformative. 
Discussion
Cluster analysis is a statistical methodology, which organizes complex multivariate data sets into groups or clusters with similar patterns. Multiple types of cluster analysis exist and have been used in a wide variety of fields, but a particularly relevant example is the hierarchical cluster analysis employed in analysis of gene or DNA microarray data. 30 In short, hierarchichical analysis works by grouping similar objects into small clusters and then successively merging clusters until one large cluster comprising the whole data set is achieved. The clustering is then displayed in the form of a branching tree diagram, which can be broken into distinct clusters by cutting across the tree at a particular height. In this study, we used GoldLinker Gold v4.6.1 (Improved Outcome Software, Inveray, ON, Canada) software to perform an unsupervised (raw data without preset classifications) hierarchical cluster analysis of our manually scored immunohistochemical data. We analyzed a large data set of 22 antibodies in 73 tumors consisting of three sarcoma phenotypes that have overlapping morphologies. Using a model (tissue microarray cores) that mimics small biopsy sampling, cluster analysis was very effective at grouping the tumors into diagnostic categories, for graphically identifying specific antibodies that drive the differential clustering that can be confirmed by statistical calculations, and for designing useful antibody panels. In addition, it highlighted a number of important caveats inherent to the immunohistochemical differential diagnosis of these tumors.
Synovial sarcoma is relatively easy to diagnose when it shows classic biphasic morphology and/or when it is cytokeratin-or EMA positive. Diagnostic difficulties arise, however, with monophasic and poorly differentiated tumors, as well as in small samplings of biphasic tumors comprising only the spindle cell component. In addition, it is not uncommon for synovial sarcoma to be cytokeratinor EMA negative in core biopsies. Since the morphologic features in synovial sarcoma are quite variable, it can mimic other tumors, especially small round cell tumors 9 such as Ewing sarcoma, rhabdomyosarcoma, and mesenchymal chondrosarcoma; or pure spindle cell tumors such as malignant peripheral nerve sheath tumor and fibrosarcoma. Immunohistochemically, synovial sarcoma can also mimic Ewing sarcoma and malignant peripheral nerve sheath tumor since it can be positive for CD99 or S100, 1, 8, 9 respectively. In this study, EMA was the single most sensitive and specific marker for synovial sarcoma, staining all but two cases. We also found cytokeratin stains in general to be specific, although not quite as sensitive as EMA. As previously reported, certain cytokeratin subsets, 3, 9, 14 notably CK7 and CK19, show greater specificity than pan-keratins such as AE1/AE3. We found CK7 to be the most specific marker for synovial sarcoma, demonstrating strong staining in over half the cases, yet with no staining in any of the other tumor types. CK19 was only slightly less specific. In contrast, AE1/AE3 stained multiple Ewing sarcomas and malignant peripheral nerve sheath tumors, a finding observed by others, 4, 6, 14 and is therefore less helpful diagnostically. The combination of positive staining for both EMA and CK7 staining in a given tumor is highly specific (100% in this study) with a high positive predictive value for distinguishing synovial sarcoma from malignant peripheral nerve sheath tumor and Ewing sarcoma.
Although a majority of the synovial sarcomas stained with bcl-2 and to a lesser extent CD56, strong staining was present in only 48 and 26%, respectively. However, these markers showed rather high specificities, and therefore, bcl-2 and CD56 appear to be well suited as adjuncts or second tier stains to EMA and cytokeratin. In this study, bcl-2 and CD56 were especially useful in cytokeratinnegative tumors. Many of the synovial sarcomas in this study were CD99 positive, with a substantial number (26%) showing strong membranous staining, often regarded as a more or less specific pattern for Ewing sarcoma. 10 Although, CD99 staining in synovial sarcoma is well known 1, 9 and even serves as an adjunctive diagnostic marker, this highlights an important potential pitfall with CD99. It is important to be aware of CD99 staining in synovial sarcoma since it can resemble a small round cell tumor and be misdiagnosed as Ewing sarcoma with a limited antibody panel. On the other hand, membranous CD99 staining in synovial sarcoma may actually be helpful in differentiatiating monophasic or poorly differentiated synovial sarcoma from morphologically similar malignant peripheral nerve sheath tumor, since no malignant peripheral nerve sheath tumor stained with a membranous pattern in our study set. Other purportedly useful markers of synovial sarcoma, beta-catenin, MMP-2, and calponin, [16] [17] [18] were seemingly useless in our data set. For example, beta-catenin marked significant numbers of both malignant peripheral nerve sheath tumors and Ewing sarcomas and thus had low specificity. When analysis was restricted to nuclear beta-catenin staining, strong reactivity was present in only three synovial sarcomas and one malignant peripheral nerve sheath tumor, which had no effect on the cluster analysis. MMP-2 stained only scattered tumors throughout the data set, and calponin stained no tumors.
Cluster analysis divided synovial sarcomas into two groups with different morphologic and molecular tendancies. The first group, driven by positivity for both EMA and cytokeratin, was dominated by biphasic (73%) and SSX1 translocated tumors (91%). The second group, which consisted of EMA-positive and mostly cytokeratin-negative tumors, was dominated by monophasic synovial sarcomas (78%), and more SSX2 translocated tumors (33%).
In contrast to synovial sarcoma, malignant peripheral nerve sheath tumor is notoriously difficult to diagnose, forming several different morphologic patterns, including spindle cell tumors that resemble synovial sarcoma, a small cell variant mimicking Ewing sarcoma, 31 as well as epithelioid and pleomorphic patterns. S100 is traditionally regarded as the best marker for malignant peripheral nerve sheath tumor, however, it is positive in only around half the tumors. 7, 22 We found 48% of malignant peripheral nerve sheath tumors to be strongly positive in our study. Furthermore, S100 also stains synovial sarcoma 8 and Ewing sarcoma, 32 exemplified by 35 and 44%, respectively, with strong staining in our study set. Other reportedly helpful markers, CD34 22 and GFAP, 21 displayed little utility in our study set. CD34 stained only scattered tumors, while GFAP stained none. CD57, another purportedly useful marker, failed to stain any of our malignant peripheral nerve sheath tumors, which was curious, considering the relatively high percentages of staining that have been reported. 7, 21, 22 The reason for this difference is not clear, since we had excellent internal and external controls (tonsillar germinal center natural killer cells), and we repeated the staining at a lower titer with the same results.
We evaluated a number of other markers of neural differentiation (NGFR, nestin, and PGP9.5), as potentially useful in malignant peripheral nerve sheath tumor. Although NGFR stained the majority of malignant peripheral nerve sheath tumors in our study set, it mostly displayed weak staining, with strong staining in only 26%. In addition, NGFR had low specificity, particularly due to staining in nearly half the synovial sarcomas, a finding previously reported.
9,33,34 PGP9.5 was not useful since it stained high numbers of all three tumors types in this study. The lack of specificity for this marker has been highlighted in the literature. 35 Nestin proved to be the single best marker for malignant peripheral nerve sheath tumor in this study, showing high specificity and sensitivity values (96 and 78%, respectively). Strong staining for nestin was present in 48% of tumors, compared to strong staining in only one Ewing sarcoma and no synovial sarcomas. Positive staining for both S100 and nestin in a given tumor was highly specific with a positive predictive value of 100% for distinguishing malignant peripheral nerve sheath tumor from synovial sarcoma and Ewing sarcoma. As with synovial sarcoma, cluster analysis divided malignant peripheral nerve sheath tumor into two groups. One group was immunohistochemically well differentiated consisting entirely of S100-and nestin-positive tumors, while the other group was largely negative for these markers. We were unable to identify any morphological differences between these two groups. However, since the vast majority of malignant peripheral nerve sheath tumors in our study set were spindle cell tumors, we are unable to comment about differential staining patterns in the various morphologic subtypes of malignant peripheral nerve sheath tumor. And, while we found a stronger association between neurofibromatosis and the less differentiated group C tumors, the significance of this result is unclear. Importantly, there still exists a relatively large group of poorly differentiated S100-negative malignant peripheral nerve sheath tumors, which continues to be difficult to diagnose by immunohistochemistry. With the addition of nestin to the panel, this group can be reduced.
Ewing sarcoma historically had been defined by absence of a specific line of differentiation, and immunohistochemical studies were primarily carried out to exclude other small round cell tumors, especially lymphoma and rhabdomyosarcoma. When CD99 was discovered it was initially believed to be a specific Ewing marker. 36 However, it was found to stain other tumors, including lymphoblastic lymphoma, 37 mesenchymal chondrosarcoma, 13 and synovial sarcoma 1,9 among others, which are within the morphologic differential diagnosis of Ewing sarcoma. A membranous pattern of CD99 staining is believed to be more specific than cytosolic staining, 10 and although it does appear to be more specific, this too can be found in other tumors. For instance, 26% of synovial sarcomas in our study had strong membranous CD99 staining. By contrast, although 43% of malignant peripheral nerve sheath tumors had strong CD99 staining, none had a membranous pattern, suggesting that the pattern of CD99 staining may have some utility for differentiating Ewing sarcoma from it.
Fli-1, the gene product of t (11:22) , initially reported to be useful in Ewing sarcoma, 38, 39 was similarly found to stain other tumors, including lymphoblastic lymphoma. 39 In our study, it had moderate sensitivity (68%), similar to reported values, 38, 39 but limited specificity, displaying overlap staining with both synovial sarcoma and malignant peripheral nerve sheath tumor, 22% each with strong nuclear staining. Thus, Fli-1 is probably most useful in combination with a panel of markers, serving as an adjunct to CD99. The neuroectodermal marker PGP9.5 lacks specificity, staining multiple synovial sarcomas and malignant peripheral nerve sheath tumors, 35 and is therefore not useful. Chromogranin and synaptophysin showed virtually no staining in our Ewing sarcomas; most likely due to a disproportionate number of undifferentiatied (nonprimitive neuroectodermal) tumors in the data set.
Based upon visual examination of the cluster analysis data along with calculated sensitivity, specificity, positive and negative predictive values, we were able to identify pairs of antibodies for each tumor type (EMA/CK7 for synovial sarcoma, S100/ nestin for malignant peripheral nerve sheath tumor, and CD99/Fli-1 for Ewing sarcoma) that were highly specific within this differential diagnostic context. Based upon our results we would recommend this panel of six markers. CD56 and bcl-2 can be added when synovial sarcoma is suspected but EMA and CK7 are negative.
By grouping tumors on the basis of their immunohistochemical profiles, hierarchical cluster analysis displays the data points in a visually manageable format from which one can make observations, draw conclusions, and design antibody panels. Additionally, the small tissue samplings in the tissue microarrays as a model mimic core biopsy specimens. In this study, we preselected three sarcomas that have overlapping morphologic and immunohistochemical features and stained them with a large panel of markers regarded as useful in the differential diagnosis. Cluster analysis grouped the tumors into five groups with very little overlap of tumor types. It highlighted combinations of antibodies that appear most useful in the differential diagnoses, which were confirmed by statistical calculations. It also reaffirmed the shortcomings and pitfalls of immunohistochemistry, exemplified by a number of outliers (ie tumors which did not cluster into any of the defined groups), as well as a few tumors that showed aberrant clustering. Hierarchical cluster analysis is a very effective method for analyzing and comparing large sets of immunohistochemical data.
